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Based on Biot’s theory, the dynamic 2.5-D Green’s function for a saturated porous medium is obtained using the Fou-
rier transform and the potential decomposition methods. The 2.5-D Green’s function corresponds to the solutions for the
following two problems: the point force applied to the solid skeleton, and the dilatation source applied within the pore
ﬂuid. By performing the Fourier transform on the governing equations for the 3-D Green’s function, the governing dif-
ferential equations for the two parts of the 2.5-D Green’s function are established and then solved to obtain the dynamic
2.5-D Green’s function. The derived 2.5-D Green’s function for saturated porous media is veriﬁed through comparison
with the existing solution for 2.5-D Green’s function for the elastodynamic case and the closed-form 3-D Green’s function
for saturated porous media. It is further demonstrated that a simple form 2-D Green’s function for saturated porous media
can be been obtained using the potential decomposition method.
 2007 Elsevier Ltd. All rights reserved.
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Green’s functions along with the boundary element method (BEM) provide a powerful tool for the study of
various dynamic or static problems. For example, BEM is a useful alternative to ﬁnite element method (FEM)
for the solution of problems with an inﬁnite or semi-inﬁnite calculation domain since FEM requires both an
artiﬁcial boundary layer and discretised interior elements (Beskos, 1987, 1997). However, BEM requires only
surface discretisation of the calculation domain, as the adoption of an appropriate Green’s function can
guarantee the satisfaction of the radiation condition at inﬁnity automatically.0020-7683/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
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problem to minimise the memory size and the CPU time that are required for a full 3-D BEM analysis. The
2.5-D BEM (Luco et al., 1990; Zhang and Chopra, 1991; Pedersen et al., 1994; Papageorgiou and Pei, 1998) is
a technique which can be adopted when a 3-D load is applied to an inﬁnitely long structure with a uniform
cross-section. Although the structure itself can essentially be considered as 2-D, the response of the structure
to loading will be 3-D. Therefore the problem can be considered as having two-and-a-half-dimensions. Var-
ious types of loading can be treated in a 2.5-D problem, including arbitrarily directed incident plane waves,
point forces, distributed forces or moving loads.
Although 2.5-D BEM is well established for isotropic elastic media, the 2.5-D BEM for saturated porous
media has not yet been developed, since an appropriate 2.5-D Green’s function for the porous medium is not
available in the literature. Conversely, the 3-D and the 2-D dynamic Green’s functions for porous media are
readily available in the literature (Burridge and Vargas, 1979; Norris, 1985; Bonnet, 1987; Cheng et al., 1991;
Zimmerman and Stern, 1993). In general, three approaches have been adopted in the derivation of porous
media Green’s functions: potential decomposition method (Norris, 1985; Zimmerman and Stern, 1993); anal-
ogy with thermoelasticity (Cheng et al., 1991; Dominguez, 1991; Dominguez, 1992); and Kupradze’s method
(Bonnet, 1987). Although using Kupradze’s method (Kupradze, 1979) the Green’s function for the porous
medium can be easily derived, the associated operator manipulation is often lengthy and resulting Green’s
functions are usually of a complicated formulation.
In this study, the 2.5-D dynamic Green’s function for a saturated porous medium is derived using the
potential decomposition and the Fourier transform method. Based on Biot’s theory and the potential decom-
position method, the governing diﬀerential equations for the two parts of the 3-D Green’s function for the
porous medium are obtained. Using the governing diﬀerential equations for the 3-D Green’s function and
the Fourier transform method, the 2.5-D Green’s function for the porous medium is derived. The extreme case
for the obtained 2.5-D Green’s function with a vanishing porosity is compared with the 2.5-D Green’s func-
tion for the single-phase elastic medium. By numerically transforming the 2.5-D Green’s function back into
the space domain, the new 2.5-D Green’s function is compared with the existing closed-form 3-D Green’s
function for porous media. Finally, the 2-D Green’s function for a saturated porous medium is also derived
by means of a similar potential decomposition methodology and a simple formulation for the 2-D Green’s
function is obtained.
2. Biot’s theory
The constitutive equations for a homogeneous porous medium can be expressed as (Biot, 1956a, 1962)rij ¼ 2leij þ kdije adijp ð1aÞ
p ¼ aMeþMf ð1bÞ
e ¼ ui;i; f ¼ wi;i ð1c; dÞin which ui and wi denote the average solid displacement and the inﬁltration displacement of the pore ﬂuid; eij
and e are the strain tensor and the dilatation of the solid skeleton; f is the volume of ﬂuid injected into a unit
volume of the bulk material; rij is the stress of the bulk porous medium; p is the excess pore pressure and dij is
the Kronecker delta. The compressibility of the saturated porous medium is considered in terms of the solid
skeleton Lame` constants, k and l, and Biot’s parameters a and M (Biot, 1941).
The bulk density of a porous medium with solid skeleton of density qs, pore ﬂuid of density qf, and porosity
/, can be expressed as qb = (1  /)qs + /qf. Using a superimposed dot to denote the time derivative and a star
(*) to denote the time convolution, the equations of motion for the bulk porous medium and the pore ﬂuid arelui;jj þ ðkþ a2Mþ lÞuj;ji þ aMwj;ji þ F i ¼ qb€ui þ qf €wi ð2aÞ
aMuj;ji þMwj;ji þ fi ¼ qf€ui þ m€wi þ
g
k
KðtÞ  _wi ð2bÞwhere g and k are the viscosity of the pore ﬂuid and the permeability of the porous medium respectively; Fi and
fi are the body forces experienced by the porous medium and the pore ﬂuid; and m = a1qf//, in which a1 is
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the viscous ﬂow in the low frequency range and the inertia dominated ﬂow at the high frequency range (Biot,
1956b; Johnson et al., 1987; Pride et al., 1993).
When deriving a Green’s function for the porous medium in the frequency domain, the Fourier transform
with respect to time and frequency is required. In this paper, the Fourier transform with respect to time and
frequency is deﬁned as follows (Sneddon, 1951):f^ ðxÞ ¼
Z þ1
1
f ðtÞeixtdt; f ðtÞ ¼ 1
2p
Z þ1
1
f^ ðxÞeixtdx ð3Þwhere t and x denote time and frequency, respectively.
According to the analysis of Bonnet (1987), although two displacement vectors are used in Biot’s theory,
there are only four independent variables in the two-phase porous medium. Therefore, Biot’s theory is refor-
mulated in terms of four independent variables: three displacement components for the solid skeleton, and the
pore ﬂuid pressure. Using constitutive relation (1b) for the pore ﬂuid and performing the Fourier transform
with respect to time, (2a) and (2b) can be reduced tolu^i;jj þ ðkþ lÞu^j;ji þ qbx2u^i  ap^;i þ bF i ¼ qfx2w^i ð4aÞ
w^i ¼ 1
mx2  ixðg=kÞbK ðxÞ ½p^;i  qfx2u^i  f^ i ¼ b1M ½p^;i  qfx2u^i  f^ i ð4bÞ
where b1 ¼ M=½mx2  ixðg=kÞbK ðxÞ, bK ðxÞ denotes the Fourier transform of K(t) in (2b) and the caret repre-
sents the Fourier transform with respect to time. Substitution of (4b) into (4a) leads tolu^i;jj þ ðkþ lÞu^j;ji þ qgx2u^i  agp^;i ¼ bF gi ð5Þ
where ag = a  b4, qg = qb  b4qf, b4 = qfx2b1/M, bF gi ¼ bF i  b4f^ i. Taking the divergence of (4b) and using
deﬁnition (1d) givesf ¼ b1
M
½p^;jj þ qfx2u^j;j þ f^ j;j ð6ÞSubstituting (1c) and (6) into (1b), we obtainp^;jj þ b2x2p^  b3u^j;j ¼ #^f ð7Þ
where b2 = 1/(b1x
2), b3 ¼ qfx2  a½mx2  ixðg=kÞbK ðxÞ, #^f ¼ f^ j;j.
3. Two-and-a-half-dimensional (2.5-D) Green’s function for a porous medium
In this section, the two parts of the 2.5-D Green’s function for saturated porous media are derived from the
governing diﬀerential equations for the 3-D Green’s function using the Fourier transform method. The singu-
larity of the derived 2.5-D Green’s function for the porous medium is then analyzed.
For the 3-D case, introducing a generalized displacement vector v and a generalized force vector g^,v^ ¼ ½v^1; v^2; v^3; v^4T ¼ ½u^1; u^2; u^3; p^T; g^ ¼ ½g^1; g^2; g^3; g^4T ¼ ½bF g1; bF g2; bF g3; #^f T ð8Þ
Eqs. (5) and (7) can be represented in the following matrix form:½Bv^ ¼ g^ ð9Þ
where the 4 · 4 operator matrix B is determined by (5) and (7). Introducing a 4 · 4 Green’s tensor bUG for the
porous medium, the Green’s function bUG for the porous medium satisﬁes½B½bUG ¼ dðRÞ½I44 ð10Þ
where d(R) is the Dirac-delta function, I is the 4 · 4 identity matrix, R ¼ ﬃﬃﬃﬃﬃﬃﬃﬃxkxkp ; k ¼ 1; 2; 3. Deﬁning v^ðjÞ as the
solution of Eq. (9) with gj = d(R) as the only non-zero component, then, the Green’s function tensor bUG is
represented as follows:
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The following sub-matrices are introduced for convenience:½bUGs  ¼ bU
Gs
11
bUGs12 bUGs13bUGs21 bUGs22 bUGs23bUGs31 bUGs32 bUGs33
264
375 ¼ v^
ð1Þ
1 v^
ð2Þ
1 v^
ð3Þ
1
v^ð1Þ2 v^
ð2Þ
2 v^
ð3Þ
2
v^ð1Þ3 v^
ð2Þ
3 v^
ð3Þ
3
2664
3775; ½bPGs  ¼ ½P^ Gsj  ¼ v^ð1Þ4 v^ð2Þ4 v^ð3Þ4h i;
½bUGf  ¼ ½ bUGf1 bUGf2 bUGf3 T ¼ v^ð4Þ1 v^ð4Þ2 v^ð4Þ3h iT; bP Gf ¼ v^ð4Þ4 ð12Þ
Using the sub-matrices in (12), the Green’s function tensor bUG is partitioned as follows:½bUG ¼ bUGs bUGfbPGs bP Gf
" #
ð13Þ3.1. Green’s function due to a point force applied to the solid skeleton
For the 3-D Green’s function due to the point force applied to the solid skeleton, bUGs and bPGs can be rep-
resented by three scalar potentials as follows (Norris, 1985):bUGs ¼ rr/^Gsf þrr/^Gss þ ðr2w^GsI33 rrw^GsÞ ð14aÞbPGs ¼ Afrr2/^Gsf þ Asrr2/^Gss ð14bÞ
where bUGs and bPGs satisfylr2 bUGs þ ðkþ lÞrðr  bUGsÞ þ qgx2 bUGs  agrbPGs ¼ dðRÞI33 ð15aÞ
r2bPGs þ b2x2bPGs  b3r  bUGs ¼ 0 ð15bÞUsing the identitydðRÞI33 ¼ rr 1
4pR
 
þ ðr2I33 rrÞ 1
4pR
ð16Þand inserting (14) into (15), one has the following equations for the three scalar potentials:rr ½ðkþ 2l agAf Þr2/^Gsf þ qgx2/^Gsf  þ ½ðkþ 2l agAsÞr2/^Gss þ qgx2/^Gss  
1
4pR
 
þ ðr2IrrÞ ðlr2w^Gs þ qgx2w^GsÞ 
1
4pR
 
¼ 0 ð17aÞ
rr2f½Afr2/^Gsf þ ðb2Afx2  b3Þ/^Gsf  þ ½Asr2/^Gss þ ðb2Asx2  b3Þ/^Gss g ¼ 0 ð17bÞ
Satisfaction of the above equations can be guaranteed using½afr2/^Gsf þ qgx2/^Gsf  þ ½asr2/^Gss þ qgx2/^Gss  ¼
1
4pR
ð18aÞ
½Afr2/^Gsf þ df /^Gsf  þ ½Asr2/^Gss þ ds/^Gss  ¼ 0 ð18bÞ
r2w^Gs þ k2t w^Gs ¼
1
4plR
ð18cÞwhereaf ¼ kþ 2l agAf ; as ¼ kþ 2l agAs;
df ¼ b2Afx2  b3; ds ¼ b2Asx2  b3
ð19Þ
382 J.-F. Lu et al. / International Journal of Solids and Structures 45 (2008) 378–391Eq. (18) determines the 3-D Green’s function for the porous medium. In order to derive the 2.5-D Green’s
function for a saturated porous medium, the Fourier transform with respect to the coordinate x3 (z) and
the wavenumber k3 (kz) is necessary, which is deﬁned as follows (Sneddon, 1951):f ðkzÞ ¼
Z þ1
1
f ðzÞeikzzdz; f ðzÞ ¼ 1
2p
Z þ1
1
f ðkzÞeikzzdkz ð20ÞPerforming the Fourier transform (20) on (14), the 2.5-D Green’s function for the porous medium due to
the force applied to the solid skeleton has the following index form:~UGsij ¼ ~/Gsf ;ij þ ~/Gss;ij  ~wGs;ij
	 

þ ~r2~wGsdij ð21aÞ
~PGsi ¼ Af ~r2~/Gsf ;i þ As ~r2~/Gss;i ð21bÞwhere the tilde denotes the combination of the Fourier transform with respect to time and the coordinate z,
~r2 ¼ o2=ox2 þ o2=oy2  k2z . Note that o/oz in (21) should be understood as ikz.
Similarly, performing the Fourier transform (20) on Eq. (18) and using the following formula (Gradshteyn
and Ryzhik, 1980):Z þ1
1
eikzzﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
r2 þ z2p dz ¼ piH
ð2Þ
0 ðikzrÞ ð22Þequations for the 2.5-D Green’s function due to the point force in the x  kz domain are obtainedaf r2?~/Gsf þ c2f ~/Gsf
h i
þ as r2?~/Gss þ c2s ~/Gss
h i
¼  i
4
H ð2Þ0 ðikzrÞ ð23aÞ
Af r2?~/Gsf þ c2f ~/Gsf
h i
þ As r2?~/Gss þ c2s ~/Gss
h i
¼ 0 ð23bÞ
r2?~wGs þ c2t ~wGs ¼ 
i
4l
H ð2Þ0 ðikzrÞ ð23cÞwhere r ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2 þ y2
p
, H ð2Þ0 ðÞ is the zero-order Hankel function of the second kind, r2? ¼ o2=ox2 þ o2=oy2 and
c2f ¼ k2f  k2z , c2s ¼ k2s  k2z , c2t ¼ k2t  k2z . The complex wavenumbers kf, ks, kt have the formk2f ¼
qgx
2
ðkþ 2lÞ  agAf ¼
b2Afx
2  b3
Af
ð24aÞ
k2s ¼
qgx
2
ðkþ 2lÞ  agAs ¼
b2Asx
2  b3
As
ð24bÞ
k2t ¼
qgx
2
l
ð24cÞFrom Eqs. (24a) and (24b), an expression for Af and As is obtained as follows:A2f ;s þ
½qgx2  agb3  ðkþ 2lÞb2x2
agb2x2
Af ;s þ ðkþ 2lÞb3agb2x2
¼ 0 ð25ÞNote that kf, ks, kt in (24) are the complex wavenumbers for the P1, P2 and the S waves. To guarantee
the attenuation of the body waves within the porous medium, Im(kf), Im(ks) and Im(kt) should be non-
positive for the Fourier transform deﬁned in (3) and (20). Since wave P1 propagates faster than P2, the
values of Af, As in (25) should be chosen such that kf and ks determined by (24) satisfy the inequality
Re(kf) 6 Re(ks).
The 2.5-D Green’s function determined by (23) can be calculated in three steps: the particular solutions for
the inhomogeneous equations of (23) are ﬁrst derived; next the general solutions for the homogeneous equa-
tions determined by (23) are calculated; and ﬁnally the constants involved in the general solutions are deter-
mined by the regularity condition at the origin using the following identities:ðr2? þ c2bÞH ð2Þ0 ðcbrÞ ¼ 4idðrÞ; b ¼ f ; s; t; ðr2?  k2z ÞH ð2Þ0 ðikzrÞ ¼ 4idðrÞ ð26Þ
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Gs
s and
~wGs are given as~/Gsf ¼
iAs
4k2f ðafAs  Af asÞ
½H ð2Þ0 ðcf rÞ  H ð2Þ0 ðikzrÞ ð27aÞ
~/Gss ¼
iAf
4k2s ðAf as  afAsÞ
½H ð2Þ0 ðcsrÞ  H ð2Þ0 ðikzrÞ ð27bÞ
~wGs ¼ i
4qgx2
½H ð2Þ0 ðctrÞ  H ð2Þ0 ðikzrÞ ð27cÞSubstituting Eq. (27) into (21a) and replacing iAs=½4k2f ðafAs  Af asÞ, iAf =½4k2s ðAf as  afAsÞ and i=½4qgx2
in Eq. (27) with dðsÞf , d
ðsÞ
s , d
ðsÞ
t , respectively, and using the relation d
ðsÞ
t ¼ dðsÞf þ dðsÞs , the 2.5-D Green’s function in
Eq. (21a) has the following form:~UGsij ¼ ½dðsÞf H ð2Þ0 ðcf rÞ þ dðsÞs H ð2Þ0 ðcsrÞ  dðsÞt H ð2Þ0 ðctrÞ;ij  dðsÞt k2t H ð2Þ0 ðctrÞdij; i; j ¼ 1; 2; 3 ð28Þ
Note that when deriving (28), the following relation:~r2½H ð2Þ0 ðcbrÞ  H ð2Þ0 ðikzrÞ ¼ k2bH ð2Þ0 ðcbrÞ; b ¼ f ; s; t ð29Þ
for the case b = t is applied.
Similarly, using (27), (29), the 2.5-D Green’s function in (21b) has the form~PGsi ¼ ½Af k2fdðsÞf H ð2Þ0 ðcf rÞ þ Ask2sdðsÞs H ð2Þ0 ðcsrÞ;i; i ¼ 1; 2; 3 ð30Þ
Using (24), it can be shown that Af k
2
fd
ðsÞ
f ¼ Ask2sdðsÞs . Letting Af k2f dðsÞf ¼ Ask2sdðsÞs ¼ vp, then, Green’s function
in (30) can be further simpliﬁed as~PGsi ¼ vp½H ð2Þ0 ðcf rÞ þ H ð2Þ0 ðcsrÞ;i; i ¼ 1; 2; 3 ð31Þ3.2. Green’s function due to a dilatation source applied within the pore ﬂuid
For the 3-D Green’s function due to a dilatation source applied within the pore ﬂuid, bUGf and bP Gf can be
represented by two scalar potentials and one vector potential as follows:bUGf ¼ r/^Gff þr/^Gfs þrr w^Gf ð32aÞbP Gf ¼ Afr2/^Gff þ Asr2/^Gfs ð32bÞ
Likewise, the Green’s functions bUGf and bP Gf satisfy the following equations:lr2 bUGf þ ðkþ lÞrðr  bUGf Þ þ qgx2 bUGf  agrbP Gf ¼ 0 ð33aÞ
r2bP Gf þ b2x2bP Gf  b3r  bUGf ¼ dðRÞ ð33bÞSubstituting (32) into (33) and using the identity d(R) = $2 [1/(4pR)], one has
af r2/^Gff þ k2f /^Gff
h i
þ as r2/^Gfs þ k2s /^Gfs
h i
¼ 0 ð34aÞ
Af r2/^Gff þ k2f /^Gff
h i
þ As r2/^Gfs þ k2s /^Gfs
h i
¼ 1
4pR
ð34bÞ
r2w^Gf þ k2t w^Gf ¼ 0 ð34cÞEq. (34c) suggests w^Gf vanishes for the dilatation source, which implies that the dilatation source within the
pore ﬂuid will not induce shear waves.
Performing the Fourier transform (20) on (32) and letting w^Gf vanish, the 2.5-D Green’s function due to the
dilatation source has the following index form:
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Gf
i ¼ ~/Gff ;i þ ~/Gfs;i ; i ¼ 1; 2; 3 ð35aÞ
~PGf ¼ Af ~r2~/Gff þ As ~r2~/Gfs ð35bÞSimilarly, the derivative with respect to coordinate z in (35) should be understood as ikz.
Applying the Fourier transform with respect to coordinate z on (34), equations determining the 2.5-D
Green’s function due to the dilatation source in the x  kz domain are obtainedaf r2?~/Gff þ c2f ~/Gff
h i
þ as r2?~/Gfs þ c2s ~/Gfs
h i
¼ 0 ð36aÞ
Af r2?~/Gff þ c2f ~/Gff
h i
þ As r2?~/Gfs þ c2s ~/Gfs
h i
¼  i
4
H ð2Þ0 ðikzrÞ ð36bÞFollowing the same procedure for obtaining ~/Gsf , ~/
Gs
f and
~wGs , the potentials ~/
Gf
f ,
~/
Gf
s and ~wGf for the 2.5-D
Green’s function ~UGf and ~PGf have the following form:~/
Gf
f ¼
ias
4k2f ðasAf  Asaf Þ
½H ð2Þ0 ðcf rÞ  H ð2Þ0 ðikzrÞ ð37aÞ
~/Gfs ¼
iaf
4k2s ðAsaf  asAf Þ
½H ð2Þ0 ðcsrÞ  H ð2Þ0 ðikzrÞ ð37bÞ
~wGf ¼ 0 ð37cÞFrom Eq. (24), it can be shown that ias=½4k2f ðasAf  Asaf Þ ¼ iaf=½4k2s ðAsaf  asAf Þ. Inserting (37) into (35)
and letting ias=½4k2f ðasAf  Asaf Þ ¼ iaf=½4k2s ðAsaf  asAf Þ ¼ dðf Þ, the Green’s function in (35) has the fol-
lowing expression:~U
Gf
i ¼ dðf Þ½H ð2Þ0 ðcf rÞ  H ð2Þ0 ðcsrÞ;i; i ¼ 1; 2; 3 ð38aÞ
~PGf ¼ dðf Þ½Af k2f H ð2Þ0 ðcf rÞ þ Ask2sH ð2Þ0 ðcsrÞ ð38bÞNote that when deriving (38b), Eq. (29) is used.
Once the 2.5-D Green’s function is obtained, the stresses and the traction determined by the Green’s func-
tion for the porous medium can be evaluated using the constitutive relation (1) as well as the strain-displace-
ment relation.3.3. Singularity analysis of the 2.5-D Green’s function for the porous medium
Singularity analysis of the 2.5-D Green’s function for the porous medium is crucial for the application of
the Green’s function in the corresponding BEM. The singularity of the 3-D Green’s functions for porous
media was analyzed by Zimmerman and Stern (1993) and Schanz (2001). In this section, the singularity of
the 2.5-D Green’s function for a saturated porous medium is analyzed following the methodology due to
Zimmerman and Stern (1993). According to Zimmerman and Stern (1993), the following equations deter-
mine the asymptotic expressions for the 3-D Green’s function for the porous medium when R! 0 R ¼ðﬃﬃﬃﬃﬃﬃﬃﬃ
xkxk
p
; k ¼ 1; 2; 3Þ
l bUGsij;kk þ ðkþ lÞ bUGsik;kj ¼ dijdðxÞdðyÞdðzÞ; i; j; k ¼ 1; 2; 3 ð39aÞbP Gf;kk ¼ dðxÞdðyÞdðzÞ; k ¼ 1; 2; 3 ð39bÞSince the order of the singularity of bPGs and bUGf is lower than that of bUGsand bP Gf (Schanz, 2001), the equa-
tions for bPGs and bUGf are not included above.
Performing the Fourier transform with respect to the coordinate z and taking into account Eqs. (21a) and
(35b) and discarding lower-order singular terms, Eq. (39) can be reduced to
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l~UGs33;kk ¼ dðxÞdðyÞ; k ¼ 1; 2 ð40bÞ
~P
Gf
;kk ¼ dðxÞdðyÞ; k ¼ 1; 2 ð40cÞIt follows from Eq. (40) that the asymptotic expression for the 2.5-D Green’s function of the porous med-
ium when r! 0 ðr ¼ ﬃﬃﬃﬃﬃﬃﬃﬃxkxkp ; k ¼ 1; 2Þ is equivalent to the solutions for a static plane strain problem, a static
antiplane elastic problem and a 2-D potential problem.
4. Numerical veriﬁcation of the 2.5-D Green’s function for the porous medium
In this section, the veriﬁcation of the new 2.5-D Green’s function for the porous medium is carried out in
two ways. We ﬁrst reduce the porous medium to a quasi single-phase elastic medium and compare the new 2.5-
D Green’s function with the existing solution for elastic media (Tadeu and Kausel, 2000). The 3-D Green’s
function for saturated porous media is then recovered numerically by transforming the 2.5-D Green’s function
into the space domain, allowing the comparison of the new 2.5-D Green’s function with the closed form 3-D
solution (Norris, 1985; Zimmerman and Stern, 1993).
4.1. Comparison with the 2.5-D Green’s function for the elastodynamic case
To reduce the porous medium to a quasi single-phase elastic medium, the parameters related to the pore
ﬂuid and the coupling between the pore ﬂuid and the solid skeleton take the following values: a = 0.07,
M = 1.0 · 103 Pa, qf = 1.0 kg/m3, g = 1.0 · 103 Pa s, k = 1.0 · 102 m2, / = 0.01. The angular frequency of
the source is assumed to be 100 s1 and the remaining parameters for the porous medium are taken as:
k = 2.0 · 107 Pa, l = 1.0 · 107 Pa, qs = 2.0 · 103 kg/m3, and a1 = 3. Using these parameters, the inﬂuence
of the pore ﬂuid becomes negligible and the porous medium is reduced to a quasi single-phase elastic medium.
The 2.5-D Green’s functions for the real elastic medium and the quasi single-phase medium are calculated at
the point x = 8.66 m, y = 5.00 m for wavenumber kz = 0  2.00 m1. Fig. 1 shows the comparison between
the Green’s functions ~UGsij for the quasi single-phase medium and the corresponding results for the real elastic
medium. It is noted that the symmetrical parts of the Green’s functions are omitted. Fig. 1 demonstrates that
the 2.5-D Green’s function for the quasi single-phase medium matches that for the real elastic medium exactly.
4.2. Comparison with the 3-D closed form Green’s function of the porous medium
In this example, the 2.5-D Green’s function for the porous medium is ﬁrst transformed into the space
domain and the resulting numerical 3-D Green’s function is compared with the closed-form 3-D counterpart
(Norris, 1985; Zimmerman and Stern, 1993). Note that in this example, Biot’s theory for low frequency waves
(Biot, 1956a) is used.
The porous medium is assumed to have the following characteristics: k = 2.0 · 107 Pa, l = 1.0 · 107 Pa,
qs = 2.0 · 103 kg/m3, qf = 1.0 · 103 kg/m3, a1 = 3, a = 0.95, M = 1.0 · 108 Pa, / = 0.3, g = 1.0 · 103 Pa s,
k = 1.0 · 1012 m2. The angular frequency of the source is assumed to be 100 s1. The 3-D Green’s function
at the points x = 10.00 m, y = 17.32 m and z = 2750.00  2750.00 m is calculated using the closed-form 3-D
Green’s function of the porous medium due to Norris (1985) and Zimmerman and Stern (1993). The 3-D
Green’s function at the same points is also calculated by synthesizing the 2.5-D Green’s function numerically
using the Fast Fourier Transform (FFT) method.
For the parameters of the porous medium and the angular frequency given above, as the wavelength of the
shear wave of the porous medium is 4.82 m, thus when performing the FFT calculation, we take Dz = 2.2 m
and Dkz = 2p/(NDz) = 1.14 · 103 m1 with N = 2501. The amplitudes for the Green’s function bUGsij , bP Gsj andbP Gf in Eq. (12) are illustrated in Fig. 2. Note that as the Green’s function bUGf in Eq. (12) can be obtained bybP Gsj , and is therefore omitted. Fig. 2 shows that the numerical 3-D Green’s function obtained by synthesizing
the 2.5-D Green’s function is in a very good agreement with the closed-form 3-D Green’s function for the por-
ous medium, which veriﬁes the expression for the 2.5-D Green’s function derived herein.
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Fig. 1. Comparison of the real and the imaginary parts of the 2.5-D Green’s functions for a quasi single-phase elastic medium with those
of a real elastic medium: (a) the Green’s function ~UGs11 ; (b) the Green’s function ~U
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12 ; (c) the Green’s function ~U
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13 ; (d) the Green’s function
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Fig. 2. Comparison of the amplitudes of the numerical 3-D Green’s function obtained by synthesizing the 2.5-D Green’s function via the
FFT method with those of the closed form 3-D Green’s function for the porous medium: (a) the Green’s function bUGs11 ; (b) the Green’s
function bUGs12 ; (c) the Green’s function bUGs13 ; (d) the Green’s function bP Gs1 ; (e) the Green’s function bUGs22 ; (f) the Green’s function bUGs23 ; (g) the
Green’s function bP Gs2 ; (h) the Green’s function bUGs33 ; (i) the Green’s function bP Gs3 ; (j) the Green’s function bP Gf .
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As mentioned previously, the 2-D Green’s function for the porous medium can be derived systematically
using Kupradze’s method (Kupradze, 1979) as in the paper of Sahay (2001). However, the Green’s function
obtained by Kupradze’s method has a complicated form. Here we demonstrate that a very simple 2-D Green’s
function for the porous medium can be derived using the potential decomposition approach as in the 3-D case.
In the 2-D case, the generalized displacement v and the generalized force vector g in (8) are redeﬁned as
follows:v^ ¼ ½v^1; v^2; v^3T ¼ ½u^1; u^2; p^T; g^ ¼ ½g^1; g^2; g^3T ¼ ½bF g1; bF g2; #^f T ð41Þ
Again, Eqs. (5) and (7) in are represented by the following matrix form:½Bv^ ¼ g^ ð42Þwhere the 3 · 3 operator matrix B is determined by (5) and (7). Introducing 3 · 3 Green’s tensor bUG, the
Green’s function for the 2-D case is given by½B½bUG ¼ dðrÞ½I33 ð43Þ
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solution of Eq. (42) with gj = d(r) as the only non-zero component, then, the Green’s function tensor bUG is
represented as follows:½bUG ¼ ½v^ð1Þv^ð2Þv^ð3Þ ð44Þ
Following the 3-D case, the following sub-matrices are introduced:½bUGs  ¼ v^ð1Þ1 v^ð2Þ1
v^ð1Þ2 v^
ð2Þ
2
" #
; ½bPGs  ¼ v^ð1Þ3 v^ð2Þ3h i;
½bUGf  ¼ v^ð3Þ1 v^ð3Þ2 T; p^Gf ¼ v^ð3Þ3 ð45Þ
and the Green’s function tensor bUG is again partitioned as in Eq. (13).
Replacing the 3-D gradient, divergence and Laplacian operators by their 2-D counterparts and substituting
I3·3 identity matrix with I2·2, Eqs. (14) and (15) are reduced to 2-D. Substituting (14) into (15) and using the
identitydðrÞI22 ¼ r?r? 1
2p
log r
 
þ ðr2?I22 r?r?Þ
1
2p
log r
 
ð46Þwhere $? = o/oxix + o/oyiy, then the following equations for the 2-D case are obtainedr?r? ðkþ 2l agAf Þr2?/^Gsf þ qgx2/^Gsf
h i
þ ðkþ 2l agAsÞr2?/^Gss þ qgx2/^Gss
h i
þ 1
2p
log r
 
þ ðr2?Ir?r?Þ ðlr2?w^Gs þ qgx2w^GsÞ þ
1
2p
log r
 
¼ 0 ð47Þ
r?r2? Afr2?/^Gsf þ ðb2Afx2  b3Þ/^Gsf
h i
þ Asr2?/^Gss þ ðb2Asx2  b3Þ/^Gss
h in o
¼ 0 ð48ÞSatisfaction of the above equation requires the following equations to holdafr2?/^Gsf þ qgx2/^Gsf
h i
þ asr2?/^Gss þ qgx2/^Gss
h i
¼  1
2p
log r ð49aÞ
Afr2?/^Gsf þ df /^Gsf
h i
þ Asr2?/^Gss þ ds/^Gss
h i
¼ 0 ð49bÞ
r2?w^Gs þ k2t w^Gs ¼ 
1
2pl
log r ð49cÞThe Green’s function determined by (49) can be derived by the same procedure as the 3-D case. In view of the
symmetric property of the 2-D Green’s function, the potentials for the Green’s function determined by (49) are
as follows:/^Gsf ¼
ds
df  ds
1
4qgx2
2
p
log r iH ð2Þ0 ðkf rÞ
 
ð50aÞ
/^Gss ¼
df
ds  df
1
4qgx2
2
p
log r iH ð2Þ0 ðksrÞ
 
ð50bÞ
w^Gs ¼ 1
4qgx2
 2
p
log rþ iH ð2Þ0 ðktrÞ
 
ð50cÞFor a 2-D dilatation source applied within the pore ﬂuid, as shown in the 3-D case, no shear wave occurs with-
in the porous medium. Consequently, bUGf and PGf of the Green’s function due to the 2-D dilatation source
can be represented by two scalar potentialsbUGf ¼ r?/^Gff þr?/^Gfs ð51aÞ
PGf ¼ Afr2?/^Gff þ Asr2?/^Gfs ð51bÞ
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of Eq. (33) into Eq. (33) and use of the identity dðrÞ ¼ 1=ð2pÞr2?ðlog rÞ yieldsafr2?/^Gff þ qgx2/^Gff
h i
þ asr2?/^Gfs þ qgx2/^Gfs
h i
¼ 0 ð52aÞ
Afr2?/^Gff þ df /^Gff
h i
þ Asr2?/^Gfs þ ds/^Gfs
h i
¼  1
2p
log r ð52bÞBy the same procedure as above, the potentials /^
Gf
f and /^
Gf
s determined by (52) are calculated as follows:/^
Gf
f ¼
1
4ðds  df Þ
2
p
log r iH ð2Þ0 ðkf rÞ
 
ð53aÞ
/^Gfs ¼
1
4ðdf  dsÞ
2
p
log r iH ð2Þ0 ðksrÞ
 
ð53bÞUsing Eqs. (19), (24) and the following relation:r2? H ð2Þ0 ðkbrÞ þ
i
2p
log r
 
¼ k2bH ð2Þ0 ðkbrÞ; b ¼ f ; s; t ð54Þfor the caseb = t, aswith the 2.5-D case, the 2-DGreen’s function due to point force has the following index form:bUGsij ¼ ½dðsÞf H ð2Þ0 ðkf rÞ þ dðsÞs H ð2Þ0 ðksrÞ  dðsÞt H ð2Þ0 ðktrÞ;ij  dðsÞt k2t H ð2Þ0 ðktrÞdij; i; j ¼ 1; 2 ð55aÞbP Gsi ¼ vp½H ð2Þ0 ðkf rÞ þ H ð2Þ0 ðksrÞ;i; i ¼ 1; 2 ð55bÞ
Likewise, using Eqs. (19), (24) and (54), the second kind of the 2-D Green’s function in Eq. (51) has the fol-
lowing simple form:bUGfi ¼ dðf Þ½H ð2Þ0 ðkf rÞ  H ð2Þ0 ðksrÞ;i; i ¼ 1; 2 ð56aÞbP Gf ¼ dðf Þ½Af k2fH ð2Þ0 ðkf rÞ þ Ask2sH ð2Þ0 ðksrÞ ð56bÞ
Obviously, the 2-D Green’s function derived herein can be used in the 2-D BEM for the dynamic problem of
the porous medium. Finally, letting kz vanish, we see that the 2.5-D Green’s function ~U
Gs
ij , ~P
Gs
i and ~U
Gf
i in Eqs.
(28), (31) and (38a) for i,j = 1,2 is reduced to the corresponding 2-D Green’s function, and ~PGf in Eq. (38b) is
reduced to bP Gf in (56b).
6. Conclusions
The 2.5-D Green’s function for saturated porous media has been developed on the basis of Biot’s theory,
the Fourier transform method and the potential decomposition approach. The obtained 2.5-D Green’s func-
tion of the porous medium provides a foundation for the construction of the corresponding 2.5-D BEM for
porous media. Comparison of the 2.5-D Green’s function for porous media with the 2.5-D Green’s function
for real elastic media and the closed-form 3-D Green’s function for porous media veriﬁes the derived 2.5-D
Green’s function. Finally, it was demonstrated that a simple form for the 2-D Green’s function for saturated
porous media can be been obtained using the potential decomposition method. Owing to the analogy between
poroelasticity and thermoelasticity, the 2.5-D Green’s function derived here can also be used to obtain the
dynamic 2.5-D Green’s function for thermoelasticity.
In this paper, only the 2.5D green’s function is derived. Further establishment of the 2.5-D boundary ele-
ment method for the porous medium and its application in practical engineering problems will be discussed in
Part II paper (Lu et al., Submitted for publication).
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